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A B S T R A C T
The amino acetonitrile derivative, monepantel, represented the ﬁrst new broad spectrum anthelmintic to be
brought to market for use in sheep for over 25 years when it was introduced in 2009. This study characterised
monepantel eﬃcacy, using faecal egg count reduction and controlled eﬃcacy tests, against gastrointestinal
nematodes following a report of treatment failure in a UK lowland sheep ﬂock. Twelve lambs were each arti-
ﬁcially administered 15,000 infective larvae that had been propagated from lamb faeces collected from the farm
of interest. The controlled eﬃcacy test showed that a recommended dose rate of monepantel (2.5 mg/kg body
weight) administered at day 28 post infection was ineﬀective at removing the infection in the treated lambs. The
result demonstrated simultaneous resistance to monepantel in Teladorsagia circumcincta, Trichostrongylus vitrinus
and Oesophagostomum venulosum with eﬃcacies based on adult worm burden reductions, compared to untreated
controls, of 78%, 27% and 22% respectively. Monepantel eﬃcacy based on undiﬀerentiated egg count in treated
animals, seven day post administration, compared to untreated controls was 85%. The results raise questions
about the origins of, and predisposing factors for, resistance development in the three diﬀerent species, and
reinforces the value of diﬀerentiating post treatment faecal egg counts to genus or species level.
1. Introduction
Monepantel (Zolvix®) was ﬁrst registered for use in sheep in 2009
and 2010 in New Zealand and Australia, respectively (Hosking et al.,
2010) and subsequently registered for use in other signiﬁcant sheep
producing regions, including the UK. The product was launched in re-
sponse to the growing threat, and increasing prevalence, of resistance to
the three broad-spectrum anthelmintic groups available at the time
(Jabbar et al., 2006). Marketing of the product in the UK was accom-
panied by practical advice on its responsible use to attempt to delay the
onset of anthelmintic resistance. The product was recommended, in the
UK, for administration during quarantine of introduced animals (Sager
et al., 2010) and/or as a mid/late season drench (Leathwick and
Hosking, 2009). Unfortunately, resistance to monepantel was reported
within a few years of release in New Zealand, Australia, Uruguay, Brazil
and the Netherlands (Cintra et al., 2016; Mederos et al., 2014; Playford
et al., 2014; Scott et al., 2013; Van den Brom et al., 2015). Monepantel
resistance was ﬁrst reported in the UK in 2018 (Hamer et al., 2018)
with Trichostrongylus vitrinus being the predominant resistant parasite
species, as determined by ITS-2 deep amplicon sequence analysis of
post treatment coprocultured L3. The methods showed the presence/
absence of species pre and post monepantel administration (Hamer
et al., 2018), but did not provide any information on anthelmintic ef-
ﬁcacy at a species level. This study provides the individual species
sensitivities to monepantel through characterisation of the ﬁeld popu-
lation from the same index case.
2. Materials and methods
2.1. Parasite isolates
Faecal material was collected from lambs from the farm of interest
that had been identiﬁed through ongoing animal health management
(Hamer et al., 2018) and cultured to generate infective larvae (L3).
Larvae were stored in tap water at 4 °C for seven weeks prior to use in
the study.
2.2. Experimental design
Twelve worm free lambs were challenged per os with 15,000 in-
fective larvae (Day 0). Twenty eight days post infection (PI) monepantel
(Zolvix®, Elanco AH) was administered per os at the manufacturer’s
recommended dose rate of 2.5mg/kg bodyweight (BW) to six lambs. All
anthelmintic treatment doses were rounded up to the nearest 1 ml
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(dosage range 2.58–3.09mg/kg BW). Six lambs were left untreated to
act as a control group and to conﬁrm the viability of the infective
larvae. Faecal egg counts were monitored on individual faecal samples
throughout the trial from day 12 post infection. A modiﬁcation of the
salt ﬂotation faecal egg count method as detailed by Christie and
Jackson (1982) was used, the technique has a sensitivity of up to one
egg per gram. All of the lambs were slaughtered on day 35 PI and their
gastrointestinal tracts removed and processed for worm burden esti-
mation. Total nematode burdens were estimated from counts of 2% sub-
samples of the abomasal and intestinal washings and saline digests.
Enumerated nematodes were classiﬁed to stage and species using cri-
teria described in the Ministry of Agriculture, Fisheries and Food
document (MAFF, 1986).
2.3. Statistical analysis
Nematode burdens and FECs were square-root transformed to suc-
cessfully normalise for variance. Burdens were compared using one way
ANOVA (Minitab version 13), followed by Fisher’s pairwise compar-
isons when found to be signiﬁcant at P < 0.05. The percentage eﬃcacy
(PE) of each treatment was calculated by means of the standard equa-
tion: (1-(T/C)) X 100 where C and T are the arithmetic mean total
nematode burdens or FECs (on day 35 PI) of the untreated control and
treated groups, respectively (Coles et al., 1992). Anthelmintic resistance
was deemed to be present when the PE in reducing FEC was<95%,
with a lower 95% conﬁdence limit of< 90%.
All experimental procedures described here were approved by the
Moredun Research Institute Experiments and Ethics Committee and
were conducted under the legislation of a UK Home Oﬃce License
(reference P95890EC1) in accordance with the Animals (Scientiﬁc
Procedures) Act of 1986.
3. Results
3.1. Faecal egg counts
Faecal egg counts rose in all of the animals from day 14 post in-
fection until day 28 PI, peaking at an arithmetic mean of 364 eggs per
gram (range 24–1044). The arithmetic mean FECs of the treatment
group fell following monepantel administration on day 28 PI, but re-
bounded thereafter (Fig. 1). FECs plateaued in the untreated control
group. Eﬃcacy based on undiﬀerentiated FEC was 85% (95% CI 61%
94%) on day seven post monepantel administration. A signiﬁcant dif-
ference (p=0.04) in FEC compared to non-treated control animals at
day seven post treatment was observed.
3.2. Nematode burden analysis
The arithmetic mean percentage establishment of nematodes in the
control lambs was 38%, 5717 nematodes recovered from 15,000 used
to establish infection. In terms of species composition identiﬁed at post
mortem the untreated control comprised 22% Teladorsagia circumcincta,
1% Trichostrongylus axei, 2% Haemonchus contortus, 24%
Trichostrongylus vitrinus and 51% Oesophagostomum venulosum (Fig. 2).
Monepantel eﬃcacies, when compared to the untreated control group,
were 100%, 100%, 78%, 27% and 22% for T. axei, H. contortus, T.
circumcincta, T. vitrinus, and O. venulosum respectively.
4. Discussion
This study ﬁndings demonstrated that treatment with the manu-
facturer’s recommended dose rate of 2.5mg/kg bodyweight of mon-
epantel was highly eﬀective against H. contortus and T. axei (100%),
albeit that only small numbers of adults of these species were detected
in the untreated control lambs, but that three parasite species, T. cir-
cumcincta, T. vitrinus and O. venulosum were expressing resistance. The
outcome conﬁrms previous unproven suspicions that more than one
resistant genus was present post monepantel administration on this
farm (Hamer et al., 2018).
Historically the ﬁrst reports of resistance to broad-spectrum an-
thelmintic drugs have often been monogeneric in nature (Conder and
Campbell, 1995), generally involving H. contortus (Smeal et al., 1968)
or T. circumcincta (Hall et al., 1979) although cases of multigeneric
resistance are not unprecedented. Initial reports of monepantel re-
sistance globally have implicated a number of parasite genera, namely
T. circumcincta (Scott et al., 2013), T. colubriformis (Scott et al., 2013),
H. contortus (Mederos et al., 2014; Van den Brom et al., 2015) and
Oesophagostomum species (Cintra et al., 2016).
The ﬁnding of multigeneric resistance may reﬂect the dynamic and
diverse nature of nematode populations within livestock, complex an-
imal movements within and between farms, and the widespread use of
anthelmintic drugs for helminth control. So how might resistance in
multiple species arise in a very short timeframe? Two routes of multi-
generic resistance development have been proposed. Firstly, changes in
nematode epidemiology and disease patterns inﬂuenced by farming
practices, anthelmintic resistance and/or climate change (Van Dijk
et al., 2009) may allow anthelmintic drug exposure of some species at
times and frequencies previously unseen. Secondly, due to the mobile
nature of animals, and as a result of imperfect quarantine treatment
strategies adopted by many farmers (Coles, 2003), it is possible that
resistance by the diﬀerent parasite species has been selected in-
dependently and transferred through animal movements. In the absence
of contradictory evidence, our ﬁndings highlight the need for strict
Fig. 1. Faecal egg counts (± standard error of the mean) of lambs artiﬁcially
infected with 15,000 infective larvae of ﬁeld derived isolate. Lambs were either
administered monepantel (dashed line) on day 28 post infection or left un-
treated (solid line) as controls.
Fig. 2. Box-plot of estimated worm burden counts of untreated control (CON)
lambs relative to monepantel treated (MPTL) lambs 7 days post treatment. Te.
cir = Teladorsagia circumcincta; T. axe = Trichostrongylus axei; H. con =
Haemonchus contortus; O. ven = Oesophagostomum venulosum; Total= total
worm burden. Box= 25th and 75th percentiles with whiskers=maximum and
minimum values, ⊕ = mean and ● = median.
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quarantine treatments for all new and returning stock and to ensure
that the anthelmintic drug combinations used are fully eﬀective
through post quarantine drench eﬃcacy tests.
The parasite make-up of the resistant population is interesting given
the previous reports of monepantel resistance globally, where all of the
species, barring T. vitrinus, have been implicated. Within the UK, sur-
veys of resistance to other classes of anthelmintic have commonly
identiﬁed T. circumcincta (Bartley et al., 2006); occasionally identiﬁed
Trichostrongylus (Bartley et al., 2006), but rarely Oesophagostomum.
Oesophagostomum venulosum was identiﬁed as one of the dose limiting
species for monepantel with variable results (eﬃcacy ranging between
86.8 and 96.5%) between the diﬀerent trials conducted by Novartis AH
(Hosking, 2010). Although equivocal results have previously been re-
ported against Oesophagostomum it is unlikely that the lack of eﬃcacy
observed in this study is solely the result of an innate insensitivity to the
compound, but these ﬁndings merit further investigation.
The ﬁndings of this current study need to be kept in perspective,
although multigeneric resistance was identiﬁed and reduces future
treatment options on the index farm, this is currently an isolated case.
Further study would be required to assess the scale of the problem in UK
ﬂocks. Nevertheless, the results highlight the importance of main-
taining the awareness of producers to the possibility of anthelmintic
resistant nematodes in sheep and the need to follow appropriate
guidelines when it comes to quarantine treatment of new and returning
stock and the merit of testing the eﬃcacy of treatments on a regular
basis to ensure that they are eﬀective.
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